Stimuli mediated over cardiac sympathetic nerves increase the work output of the heart (1) and the contractility of the myocardium (2). Such stimuli increase ventricular performance so that more external work is produced at a lower filling pressure (3). Stimuli mediated over the vagus nerves appear to decrease ventricular performance (4). Recent work indicates that sympathetic stimulation increases and that vagal stimulation decreases the vigor of atrial contraction (5). The data from these same experiments show also that the relation between mean atrial pressure and stroke work is determined by atrial as well as ventricular function (5).
Stimuli mediated over cardiac sympathetic nerves increase the work output of the heart (1) and the contractility of the myocardium (2) . Such stimuli increase ventricular performance so that more external work is produced at a lower filling pressure (3) . Stimuli mediated over the vagus nerves appear to decrease ventricular performance (4) . Recent work indicates that sympathetic stimulation increases and that vagal stimulation decreases the vigor of atrial contraction (5) . The data from these same experiments show also that the relation between mean atrial pressure and stroke work is determined by atrial as well as ventricular function (5) .
When one considers that autonomic stimuli modify ventricular filling time as well as ventricular performance it becomes apparent that the regulation of the cardiac output in the normal subject must involve a very delicate balance between the autonomic and humoral factors that affect the myocardium directly, and all of the factors that influence the availability of blood to the heart. It is not surprising that it has been difficult to show a distinct correlation between mean atrial or end-diastolic pressure and cardiac output in dogs with closed chests (6) (7) (8) (9) and in man (10) (11) (12) (13) .
The experiments to be reported here were carried out in very lightly anesthetized dogs with closed chests and intact circulations. They show that the heart, operating with its rate controlled and in the presence of reduced autonomic tone, increases its output when mean atrial pressure is increased. They also show that cardiac output at a given heart rate and a given atrial pressure is * Supported by a research grant (H-2644) from the National Heart Institute, Bethesda, Md., and aided by a grant from the Iowa Heart Association.
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t Alfred Stengel Research Fellow of the American College of Physicians. reduced when existing activity of the cardiac sympathetic nerves is reduced.
METHODS
Mongrel dogs were lightly anesthetized with 100 to 150 mg of thiopental sodium (Pentothal Sodium) and then given gallamine triethiodide (Flaxedil), 5 .0 mg per kg intravenously. A cuffed endotracheal tube was inserted immediately through the larynx and connected to a fixed-volume respiratory pump. Both vagus nerves, the left carotid artery and the right external jugular vein at its bifurcation were exposed through three small incisions within the next The data were analyzed according to methods described by Fisher (20) .
RESULTS
The data are recorded in Tables I and II. The  responses to tilting are compared in Tables III  and IV. Right atrial pressure. Right atrial mean pressure increased when the dogs were tilted into the head-down position before ganglionic blockade. The increase averaged 1.4 mm Hg. The pressure in the supine position did not change consistently after ganglionic blockade, but tilting again led to an average increase of 1.4 mm Hg. The difference between the responses to tilting before and after trimethidinium (Table III) was not significant (p < 0.9). There was essentially no change in right atrial pressure (Table IV) when heart rate was restored electrically with the animal head-down.
In these experiments, changes in right atrial pressure (measured with respect to atmospheric pressure) are considered to reflect changes in transmural right atrial pressure. This was confirmed in three dogs by measuring atrial pressure with reference to intraesophageal pressure (which reflects intrapleural pressure) during tilting. The close relationship between right atrial mean pressure and transmural pressure is not surprising. The dogs were ventilated with a respiratory pump that kept ventilatory rate and depth constant. Skeletal muscle relaxation was pronounced because of the gallamine, and tilting the dogs into the 200 head-down position led to very little shift in abdominal contents. All of these factors tended to stabilize intrapleural pressure in this preparation. Pulmonary arterial pressure. Pulmonary arterial mean pressure increased regularly with tilting. The increase averaged 2.4 mm Hg before and 3.1 mm Hg after trimethidinium. Pulmonary arterial pressure in the supine position was always reduced following ganglionic blockade. The response to tilting, however, was not altered significantly (Table III) by the blocking drug (p < 0.4). Increasing heart rate in the head-down position had an insignificant effect on the pressure (p < 0.2).
Systemic arterial pressure. Femoral arterial mean pressure did not change appreciably with tilting before trimethidinium. After the drug, tilting led to an increase which averaged 26.4 mm Hg. The increase in arterial pressure with tilting was significantly greater (Table III) after trimethidinium (p < 0.01). Increasing heart rate in the head-down position had an insignificant effect (Table IV) on the pressure (p < 0.2).
Heart rate. The gallamine-prepared dog has a rapid heart rate. This is attributed to the vagolytic action of the drug (21) and in these experiments to the vagotomy. The sharp reduction in resting rate with trimethidinium is attributed to reduction in cardiac sympathetic tone in the presence of the vagotomy. The heart rate did not change much with tilting, and the difference between responses to tilting before and after ganglionic blockade (Table III) was not significant (p < 0.6). It was not possible in each instance to restore the rate exactly to the resting level by electrical stimulation. Failure to achieve the ideal rate occurred in animals whose resting rate was very rapid. The restored rate is the rate nearest to the resting value without irregularities in rhythm. The restored rate averaged 186 beats per minute, 13 less than the control.
Cardiac output and stroke volume. Cardiac output increased from an average of 2.5 L per minute in the supine position to only 2.6 L with tilting before administration of the blocking drug (Table I) . Output in the supine position fell to an average of 1.5 L per minute after trimethidinium but increased to an average of 1.8 L with tilting (Table II) . Although the resting output was lower, the response to tilting was appreciably greater (Table III) after ganglionic blockade (p < 0.01). Restoration of the heart rate with the dogs tilted had no effect on cardiac output.
Stroke volume (Table III) was essentially unchanged with tilting before trimethidinium. It increased an average of 2.8 ml with tilting after the drug (p < 0.001), and fell by an average of 3.2 ml with restoration of the heart rate in the head-down position (p < 0.001). The reduction in cardiac output with ganglionic blockade appears to be caused primarily by a fall in stroke volume rather than by a decrease in rate, since output remained lower than the control level even after the rate was restored.
Cardiac work. It is customary to describe the performance of the ventricles in terms of the external work they do. External work is represented as the product of stroke volume or minute volume and mean arterial pressure minus mean atrial pressure. These indices have been calculated and included in the tables. The values for minute work and stroke work tend to parallel the values for cardiac output and stroke volume.
DISCUSSION
Gallamine (21) Recent studies by Sarnoff (22) and others (3) (4) (5) indicate that changes in the performance of the heart muscle are related to the degree of sympathetic stimulation. At a constant heart rate, increased sympathetic stimulation of the myocardium causes the heart to do more work at a lower filling pressure (3) . It appears that withdrawal of sympathetic tone from the heart might cause it to do less work at a higher filling pressure. The results of the experiments reported here fit these concepts of the regulation of myocardial function. In the presence of intact sympathetic pathways, the heart failed to increase its work output significantly when atrial pressure increased. After sympathetic tone was removed by ganglionic blockade, the heart responded more clearly to an increase in filling pressure. In the first instance, failure of output to increase with the increase in filling pressure may mean that sympathetic tone to the myocardium is withdrawn, possibly by some reflex mechanism. The net effect of such a reflex might be a new relationship between atrial pressure and ventricular function (higher pressure and reduced function) which results in no change in output or external work of the heart. In the second situation, pharmacologic denervation appeared to remove the sympathetic influence which normally alters myocardial performance. It became impossible for the effect of the increased filling pressure to be modified by a reduction in the functional characteristics of the heart muscle. The result of such denervation is a heart that increases its output with an increase in filling pressure. Such behavior resembles that of a heartlung preparation.
The administration of trimethidinium led to reduction in the supine levels of cardiac output, stroke volume and ventricular work. Significant increase in output and work were noted when filling pressure was increased. Despite these increases, the levels seen before ganglionic blockade were not achieved. Even restoration of the heart rate caused no further increase in cardiac output or minute work of the ventricles. Recent studies suggest that the reduced cardiac output associated with ganglionic blocking drugs is not the result of myocardial depression (23) . Some believe that the fall in output is caused primarily by venous pooling (24, 25 In these experiments the fall in cardiac output and work is attributed to a reduction in the inflow of sympathetic impulses to the myocardium. The possibility remains that the decrease in cardiac function might be related to a direct depressant action of trimethidinium on the heart muscle. We have not been able to find evidence in the literature that would suggest that ganglionic blocking drugs depress the myocardium directly. Beck (26) also has been unable to find such evidence. He cites the work of Acheson and Moe (27) , who found that tetraethyl ammonium increases the output of the heart-lung preparation. Lee and Shideman (28) found that the positive inotropic effect on the myocardium, produced by ganglionic stimulating drugs, could be blocked by ganglionic blocking agents. The available evidence indicates that the myocardial "depressant" effects of ganglionic blocking agents are related to blockade of nervous impulses and not to a direct action on the muscle.
SUMMARY
The ventricular responses to the increased filling pressure produced by tilting into the headdown position were studied in 10 vagotomized dogs treated with gallamine. Before administration of a ganglionic blocking agent there were only slight changes in heart rate, cardiac output, stroke volume and external work of the ventricles in response to the rise in pressure. After cardiac sympathetic tone was reduced by administration of a ganglionic blocking drug (trimethidinium) heart rate, cardiac output, stroke volume and ventricular work fell. Increasing atrial pressure .560 caused significant increases in output and work, but the levels present before trimethidinium were not achieved. Restoration of the heart rate by electrical stimulation of the atrium with the animals in the head-down position caused no further increase in cardiac output or work.
It is suggested that increased atrial pressure in the presence of an intact sympathetic nervous system causes little change in the work output of the heart because of reflex withdrawal of sympathetic tone to the myocardium. Pharmacologic denervation of the heart appears to remove this sympathetic influence which might otherwise modify the effect of an increased filling pressure. The denervated heart responds more clearly to an increase in filling pressure. In this respect its performance resembles that of a heart-lung preparation.
